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Abstract. The establishment of a planned fodder production in actual climate change 
represents for majority of Romanian farmers a compulsory measure with a view to provide fodder 
necessary. Achievement of this measure supposes the knowledge of ecological conditions, biological 
characteristics of the annual and perennial fodder species existing in the market and their response at 
different weather conditions. The choice of a mixed structure of annual (oat+pea, triticale+pea, 
sorghum x Sudan grass hybrid) and perennial (alfalfa as pure crop, grass and legume mixtures) species 
allows farmers to adapt the fodder production at the actual climate changes. Such a structure 
represents a solution both for a good assessment of fresh matter production and for obtaining of 
qualitative fodder. 
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INTRODUCTION 
 
The results of research regarding weather conditions in the last years during 
vegetation periods in Transylvania (Weindorf et. al., 2009) confirmed the necessity of new 
research for finding mixed, annual and perennial, structure of cultures which have to permit 
the predictability of fodder production in area. The established vulnerability of annual fodder 
crops at international level (Lemaire, 2007) in conditions of extreme weather phenomena 
(torrential rains, hail falls and intense heat periods) indicates, as economical alternative, the 
use of perennial grass and legume mixtures. In Cluj County during 2009, 2010 and 2011 year 
such phenomena occurred in different important phenophases of plants and they negatively 
affected the production of majority agricultural crops. The cultivation of perennial fodder 
plants has importance for farmers thanks to quantity and quality of provided yields, good 
adaptability at varied ecological conditions (De Vliegher and Carlier, 2009), saving of 
fertilizers and low risks for environmental pollution. 
 
MATERIALS AND METHODS 
 
Experiments with annual and perennial fodder plants were established in 2010 in the 
experimental field of Didactical and Experimental Station (DES) Cojocna of UASVM Cluj-
Napoca. The experiments had as purpose the study of behavior of several fodder plants in 
perennial species mixtures, in annual species mixtures and as pure crops in actual climate 
conditions. As high as possible number of observations regarding the weather, besides 
technical data and yield results can be the basis of several fresh matter production diagrams 
for Transylvanian farmers. With that end in view in 2010 unifactorial experiments with 
perennial and annual plants placed in 3 replications were organized. During research period 
data regarding the evolution of ecological factors as temperature and rainfall in 2009, 2010 
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and 2011, respectively soil temperature at 10 cm depth in 2009 and 2010 were collected and 
analyzed. The research was carried on till 2012. Variants of the experiment with annual 
fodder plants included pure spring crops and mixtures (mixture of pea with oat – P.s. + A.s.; 
mixture of pea with triticale - P.s. + T.; rape, millet, sorghum x Sudan grass hybrid – S. x S. 
g.), placed in 3 replications. The experiment with perennial fodder grasses and legumes 
included 8 mixtures of perennial fodder species and a pure alfalfa crop considered as control, 
all placed in 3 replications. The species/mixtures under study included the following legumes 
and grasses in the sowing mixture: M1. Medicago sativa L. -control; M2. Medicago sativa L., 
Trifolium alexandrinum L., Dactylis glomerata L., Lolium x hybridum Hausskn; M3. Lotus 
corniculatus L., Onobrychis viciifolia Scop., Dactylis glomerata L., Festuca pratensis Huds., 
Bromus inermis Leyss.; M4. Medicago sativa L., Dactylis glomerata L., Festuca arundinacea 
Schreb., Lolium perenne L.; M5. Trifolium pratense L., Dactylis glomerata L., Festulolium 
Asch. and Graebn., Phleum pratense L., Lolium perenne L.; M6. Lotus corniculatus L., 
Phleum pratense L., Dactylis glomerata L., Festuca arundinacea Schreb., Festuca pratensis 
Huds.; M7. Trifolium pratense L., Lotus corniculatus L., Trifolium alexandrinum L., Dactylis 
glomerata L., Festuca pratensis Huds., Lolium x hybridum Hausskn.; M8. Trifolium pratense 
L., Trifolium repens L., Dactylis glomerata L., Festuca pratensis Huds., Phleum pratense L., 
Lolium x hybridum Hausskn., Lolium perenne L.; M9. Medicago sativa L., Trifolium repens 
L., Bromus inermis Leyss., Festuca arundinacea Schreb., Lolium x hybridum Hausskn. The 
fresh matter yield of each variant was gravimetrically determined. Dry matter (DM) was 
determined by drying of samples in a drying oven, at a 60°C, for 48 h. The DM yields were 
statistically analyzed by ANOVA test. 
 
RESULTS AND DISCUSSIONS 
 
The data recorded during 2009-2010 at DES Cojocna concerning the daily soil 
temperature at 10 cm depth indicated temperatures higher than 3°C in consecutive days in the 
last ten days of March (Tab. 1). These data and technical recommendations (Muntean et al., 
2008) indicated the possibility of beginning of seeding at the end of March for the species 
which stand low temperature for germination. The observations regarding soil temperatures in 
April (2009-2010) reveal temperatures over 9°C even from the first 10 days of the month. 
This temperature evolution offers the possibility to begin the seeding in the second decade of 
April for thermophilic species such as sorghum x Sudan grass hybrid, which needs for 
germination over 10°C (Sima et al., 2011). Besides these important factors for the 
germination physiology, the soil humidity represents another factor which influences the 
beginning of seeding and which could delay the seedbed preparation.  
In these conditions in the spring of 2010 perennial species, respectively grass and 
legume mixtures were sown at the end of March, when soil humidity allowed good soil 
preparation. In the April month of the same year, the average temperature was about 11.30°C 
and the rainfall level about 63.40 mm, very favorable conditions for germination in 
comparison with those recorded in the same month of 2009 and 2011. In the next 14 days 
after sown, period which is requested by the majority of species for germination, a level of 
rainfall about 50.80 mm from a total monthly level about 63.40 mm, was recorded. 
All the species/annual crops under study were sown in the beginning of the third 
decade of April. The establishment of this sowing time was conditioned by soil humidity and 
possibility of seedbed mechanized preparation, respectively by the measures of precaution to 
avoid the late spring frosts. The average temperature of April month was about 11.30°C but 
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negative daily temperatures were recorded both in the first and in the third decade (-1.2°C) of 
this month (Tab. 1).  
 
Tab. 1 
Daily temperatures of air and soil in the experimental field of Cojocna  
(20.03 – 10.04 2009 – 2010) 
 
Period 
20.03/ 
10.04 
2009/2010 
Soil temperature 
 (°C) 
10 cm depth 
Air average 
temperature 
(°C) 
Air minimum 
temperature 
(°C) 
2010 
Soil temperature 
(°C) at 10 cm 
depth 
2010 
Air average 
temperature 
(°C) 
2010 
Air minimum 
temperature 
 (°C) 
20.03 1.46 -0.40 -5.50 3.79 8.50 -1.20 
21.03 1.51 0.60 -7.10 5.21 9.80 1.20 
22.03 1.69 2.50 -4.70 7.27 13.20 5.90 
23.03 2.53 4.80 2.00 8.04 11.50 5.90 
24.03 2.95 6.50 2.30 9.49 13.80 6.30 
25.03 2.57 -5.40 -12.50 9.20 12.80 2.70 
26.03 1.78 -0.40 -0.80 9.25 14.90 6.70 
27.03 2.81 7.40 4.70 9.25 14.20 8.20 
28.03 4.60 9.00 -2.30 8.43 9.20 8.20 
29.03 5.97 12.50 6.70 7.59 10.50 2.00 
30.03 7.94 14.40 7.40 7.93 11.70 0.80 
31.03 9.75 16.70 11.00 8.79 12.40 6.30 
01.04 10.57 11.70 9.00 8.72 10.90 5.10 
02.04 10.67 17.60 8.20 7.99 9.20 -0.80 
03.04 10.22 13.10 5.90 8.87 9.10 3.10 
04.04 10.08 12.00 2.00 7.97 8.40 -0.40 
05.04 10.45 14.20 2.70 9.03 12.60 9.80 
06.04 10.60 14.30 2.30 9.41 10.20 7.40 
07.04 10.97 11.40 3.50 9.03 10.80 6.30 
08.04 10.81 11.00 3.10 9.70 11.40 5.50 
09.04 10.85 13.50 3.10 9.92 11.40 2.00 
10.04 11.41 14.80 4.30 9.90 10.00 8.60 
 
Tab. 2 
Evolution of air average monthly temperatures and pluviometrical regime 
during March and August months in 2009, 2010 and 2011 in Cojocna 
 
Month/year 
2009/2010/2011 
Average monthly 
temperature (°C) 
Rainfall 
(mm) 
Average monthly 
temperature (°C) 
Rainfall 
(mm) 
Average monthly 
temperature (°C) 
Rainfall 
(mm) 
March 4.30 45.20 6.85 9.20 4.75 0.00 
April 13.13 2.00 11.30 63.40 10.23 10.40 
May 16.21 44.60 17.21 133.40 15.07 14.60 
June 18.47 135.40 21.24 197.00 19.24 18.20 
July 20.25 53.20 23.10 141.40 20.25 101.00 
August 21.40 52.80 21.44 45.00 20.23 10.60 
 
Weather conditions in Transylvanian area during vegetative period of 2010 were 
generally favorable to plants growth and development. Nevertheless, during vegetation period 
extreme weather phenomena such as torrential rains and hail fall occurred. Torrential rains 
caused damages to all crops according to the official statements of the Agricultural 
Department of Cluj County published in mass media (www.clon.ro/stiri/cluj; 
www.gazetadecluj.ro). The biggest damages were recorded at annual crops such as maize, 
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wheat, rape and soybean. Hail fall caused also important damages to all crops but the most 
affected were the annual crops (www.gazetadecluj.ro). Considering the temporary pastures, 
hail fall had a limited negative impact on the fodder yield.  
In 2010 the negative impact of high temperatures (over 35˚C) during the flowering-
pollination-fecundation-fructification phenophases on the quantity and quality of grain yields 
of several annual fodder species has to be mentioned. Such period of 5 consecutive days, 
between 9 and 13 of July, with temperatures about 35.7, 35.0, 36.1, 36.5 and 36.9˚C in the 
above mentioned phenophases was recorded in the studied area. Considering the agricultural 
crops recommended for fresh matter production, such as temporary pastures, they were not 
recorded damages as result of such phenomenon.  
Tab. 3 
Amount of precipitations (mm) during January – August 2010 and its assessment on cuttings 
 
Month I II III IV V VI VII VIII Total I-VIII 
Precipitations 
(mm) 24.4 14.20 9.20 63.40 133.40 197.00 141.40 45.00 628.00 
Cycle of harvest I cutting II cutting III cutting 
Σ of precipitations (mm) 
before each cutting – 
perennial crops 
212.40 208.00 159.80 
Σ of precipitations on 
cuttings (mm) 580.20 mm 
Cycle of harvest I cutting II cutting III cutting 
Σ of precipitations (mm) 
before each cutting – 
annual crops 
339.00 178.80 - 
Σ of precipitations on 
cuttings (mm) 517.80 mm 
 
Climate conditions, biological and production characteristics of species within 
mixtures determined the getting of higher yields for all mixtures in comparison with pure 
alfalfa crop (Tab. 4). The highest fresh matter yields were obtained with new created mixtures 
(M7 –82.77 t.ha-1; M8 –74.13 t.ha-1; M2 –70.27 t.ha-1 and M5 –63.96 t.ha-1) and the yield 
increases were very significant. 
Tab. 4 
The influence of mixture on fresh matter yields of perennial crops (2010) 
 
Crop/Mixture FM yield (t·ha-1) 
Yield increase 
(%) 
Yield increase 
(t·ha-1) Signification 
M1 35.15 100.0 0.00 Mt. 
M2 70.27 199.9 35.12 *** 
M3 45.15 128.4 9.99 ** 
M4 40.08 114.0 4.92 - 
M5 63.96 182.0 28.81 *** 
M6 38.02 108.2 2.87 - 
M7 82.77 235.5 47.62 *** 
M8 74.13 210.9 38.97 *** 
M9 56.87 161.8 21.72 *** 
LSD (p 5%) 6.15 LSD (p 1%) 8.47 LSD (p 0.1%) 11.66 
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From the sowing till the third cutting the total amount of precipitations was 580.20 
mm (Tab.3). Analyzing the precipitations corresponding to those three cuttings it can be 
observed an uniform assessment of precipitations for first and second cuttings. 
Among the tested annual crops, oat and pea mixture was considered as control 
because this crop is used by farmers from area in order to provide fresh matter fodder. The 
first cutting of annual crops was done in flowering phenophase of pea.   
Tab. 5 
Technological data for structures of annual and perennial fodder crops 
 
Crop Sowing date Date of harvest Yield  
min. – max. t/ha 
M1 Alfalfa – pure crop C I 30.III. 16.VI 11.34 – 18.81 
M2 Alfalfa in mixture C I  30.III. 16.VI 16.93 – 24.33 
M5  Red clover in mixture C I 30.III. 16.VI 15.50 – 20.00 
M7 Red clover in mixture C I 30.III. 16.VI 25.64 – 34.23 
M8 Red clover in mixture C I 30.III. 16.VI 17.80 – 25.43 
M1 Alfalfa – pure crop C II 30.III. 16.VII 4.72 – 7.78 
M2 Alfalfa in mixture C II  
M5 Red clover in mixture C II 30.III. 16.VII 
21.04 – 30.06 
21.35 – 27.22 
M7 Red clover in mixture C II 
M8 Red clover in mixture C II 30.III. 16.VII 
26.69 – 30.11 
27.98 – 30.21 
M1 Alfalfa in mixture C III 30.III. 16.VIII 9.31 – 17.74 
M2 Alfalfa in mixture C III 
M5 Red clover in mixture C III 30.III. 16.VIII 
21.47 – 27.53 
19.78 – 23.58 
M7 Red clover in mixture C III 
M8 Red clover in mixture C III 30.III. 16.VIII 
23.47 – 27.37 
21.42 – 24.93 
Pea and triticale mixture 25.IV. 3.VII 21.47 – 29.49 
Pea and oat mixture 25.IV. 3.VII 19.96 – 26.97 
Sorghum x Sudan grass hybrid (C I) 25.IV 3.VII 10.31 – 24.08 
Millet 25.IV 3.VII 12.93 – 30.98 
Sorghum x Sudan grass hybrid (C II) 25.IV 10.VIII 15.39 – 19.70 
 
Analyzing the data in the Table 5 it can be observed that at the first cutting the 
highest yield was obtained for pea and triticale mixture while for all other crops lower yields 
than for control were obtained. The yield differences of all annual crops in comparison with 
pea and oat mixture were insignificant except spring rape, which recorded the lowest yield 
and a negative significant yield difference (Sima et al., 2011).  
Among the annual species it has to be remarked the regrowth capacity of Sorghum x 
Sudan grass hybrid, which provided the second fodder harvest after five weeks from the first 
cutting. The second harvest of Sorghum x Sudan grass hybrid can contribute, beside the other 
fresh matter sources, to the supply of fresh matter deficit which frequently occurs during July-
August period.  
As a conclusion, among the annual crops tested for the establishment of a diagram 
for fodder production in Cojocna, pea and triticale mixture, pea and oat mixture, millet and 
Sorghum x Sudan grass hybrid (CI – CII) can be recommended.  
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May June July August September Crop/ 
species 
 I II III I II III I II III I II III 
*M.s. 
 
 
            
*Perennial 
mixture 
             
P.s. + T 
 
 
            
P.s. + A.s. 
 
 
            
S. x S.g.(C I) 
 
 
            
Millet 
 
 
            
S. x S.g. 
(C II)  
            
 
Fig. 1. Fresh matter yield assessment of spring sown crops – Cojocna 2010 
 
CONCLUSION 
 
Fodder yields obtained in the first year of vegetation for perennial crops sown in the 
end of March reveal the superiority of M7, M8, M2 and M5 mixtures in comparison with pure 
alfalfa crop. The period between sowing date and first cutting, respectively between first and 
second cutting, make necessary to provide fodder through annual crops such as the mixture of 
pea with triticale and the mixture of pea with oat. These mixtures are recommended to be 
sown, if possible starting with March. A good solution to supply the fresh matter deficit 
between second and third cutting of perennial species can be represented by Sorghum x Sudan 
grass hybrid. This species is recommended to be sown in several stages for extension of its 
period of usage. The choice of a mixed structure of annual and perennial fodder crops 
represents a solution both for a better assessment of fresh matter production and for obtaining 
of a qualitative fodder.  
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